The Federal Aviation Administration (FAA), which operates over 700 buildings, must convert 15 of its 126 directly leased buildings into HPSB within its existing budget resources. The FAA is currently leasing its building on rent cost per square foot and not Life Cycle Costs (LCCs). This is comparable to buying a car solely based on the sticker price to cargo capacity ratio. There are many more costs to consider over the length of ownership of a car, such as fuel economy, passenger capacity, and maintenance costs.
I. INTRODUCTION
HE Federal Aviation Administration (FAA) is a part of the U.S Department of Transportation (DOT). Its main mission is "to provide the safest, most efficient Aerospace System in the world" [1] .
In Fiscal Year 2011 (FY2011), the FAA had a budget of 16 billion dollars and employed over 48,000 employees [2] . These employees and their responsibilities can be grouped into three different categories: Air Traffic Organization, Aviation Safety, and Administration Operations. Employees responsible for Air Traffic Organization operate in buildings such as air traffic control towers and radar stations. Employees responsible for Aviation Safety and Administration Operations operate out of over 10,000 FAA owned or leased office buildings. Of these 10,000 buildings 737 fall within E.O.13514 and need to be considered to achieve the 15% HPSB inventory.
The FAA building inventory is spread throughout the entire United States. All buildings in the FAA are organized into three main service areas (Western, Central, and Eastern). With the exception of Headquarters and Technical Centers, these are considered to be independent service areas regardless of geographical location. Each service area is further broken down into three regions as shown in Fig. 1 . [14] 
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The U.S. Department of Energy has predicted that over the next 20 years the price of electricity and natural gas will continue to increase. With the FAA's current building inventory, the cost to keep these buildings in operation will only increase. Not only will the costs increase, but with such a large inventory of buildings, there is an environmental concern because commercial buildings in the US account for 39.4% of the US energy consumption, and 38.1% of the total CO2 emissions [7] . One solution to both problems is converting office buildings into green/sustainable buildings. Research shows that green buildings can lower operating costs up to 30% [7] . They can also lower energy use by a 25% decrease in electricity consumption and an 11% decrease in water consumption [7] . An added bonus is that job satisfaction of employees housed in green buildings and can be improved by 27% [7] .
II. CONTEXT

A. Gap
Fig . 2 shows the gap between the goals set by the Executive Order and the progress of the FAA toward achieving the goals. The blue line represents the goals set by the Executive Order 13514 by year. The green line represents where the FAA currently stands with their green buildings. Currently the FAA has successfully converted 3 building out of 737 to HPSB. These buildings consist of owned, direct leased, GSA leased, federally owned and FAA controlled buildings. The graph shows that 15% need to be converted into HPSB by 2015. After 2015, the goal is to convert 5% more of the buildings into HPSB each year.
III. DECISION MAKING FACTORS AND INTERACTIONS IN THE
BUILDING LEASING PROCESS Fig. 3 shows that E.O.13514 is the driving force behind creating demand and reducing cost though economies of scale making green buildings affordable. On the left, the current FAA buildings are aging and continue to cause an increase in energy consumption. This fact, along with increasing energy prices, adds to the cost of keeping these buildings in operation. So far, nothing is happening to increase the number of green buildings or renovate old buildings because green buildings are more expensive. The introduction of E.O.13514 incentivizes the production of green buildings by creating a demand for innovation. There are two alternatives, first is relocation to a green building, the second is to renovate the current buildings to a Leadership in Energy and Environmental Design (LEED) certified building. For direct leases the FAA has adopted a LEED Silver Certification to meet HPSB part of E.O.135134. 
Cost of Existing
A. Federal Aviation Administration (FAA)
Objective: Develop the sustainability policy and plan, approve initiatives and interim targets, and report progress.
Tension: Their primary mission is Aviation and Safety. The E.O.13514 is an additional mandate that needs to be financed with existing resources.
B. Real Estate Contracting Officers (RECOs)
Objective: Negotiate and sign leases for the FAA. Tension: The Lessor wants RECOs to pay for this additional requirement since they are the ones that will be renting the space.
C. Lessor
Objective: Lessor is the owner of the property. Tension: Lessors do not want to pay for renovations costs, and want FAA to pay for any upfront certification cost.
D. FAA Employees/Union
Objective: Employees are required to finish all tasks on time therefore employees demand good working conditions.
Tension: If the FAA chooses to relocate, employees' working conditions may change. Labor unions may wish to negotiate those changes, resulting in possible down time or other additional costs. In the end, they want to see the results because they demand good working conditions and do not want to really see a change in their space.
E. RECO Leasing Process
The Real Estate Contract Officers follow a process for the acquisition of real property assets.
The process is initiated by a tenant organization, which has a lease that is due to expire. There are two types of leases that can be pursued. The first is what is known as a full service lease. This type of lease will include payment of all utilities in the rent costs. The other is a partial service lease, which includes operation and maintenance costs, but not utilities.
After the space requirements have been agreed upon, the process of finding a suitable building that meets the space requirements begins. The RECO will perform a market survey to assess what prices are fair and reasonable, and then will place an advertisement in the media that is most likely to yield the most results. Potential lessors will then contact the RECO and make their best offer.
The RECO will then evaluate each offer based on the lowest cost per square foot, and select two to four that best meet the requirements of the tenant organization.
Next, negotiations begin with those lessors. The focus for the RECOs when entering these negotiations is only on upfront rent costs and not on life cycle costs of the lease. The contract negotiations can last from a few weeks to a year or more. Since the interim target set by E.O. 13514 is 15% green buildings by FY 2015, this does not lend itself well to lengthy negotiations.
In order for the RECO to conduct a full life cycle cost analysis on all building they must spend additional time and resources. The RECO's currently only focus on upfront cost per square foot and do not take into account the life cycle cost and individual buildings benefits. The effort of this team is to help the RECO in performing this analysis and identify buildings that will satisfy the E.O.13514 at minimal or positive costs.
V. PROBLEM STATEMENT E.O.13514 sets an interim objective stating that 15% of each agency's buildings (>5000 sq. ft. and occupied) must be HPSBs by 2015, with annual progress toward 100% thereafter. To reach the objectives stated in E.O. 13514, the FAA has begun the identification process for conversion of its owned properties, direct leased GSA leased, federally owned, and FAA controlled buildings. This project will focus on directly leased buildings from private lessors. As of 2012, the FAA has <1% of their direct lease buildings identified for conversion. There is no additional funding provided for acquiring new HPSB buildings. Analysis is necessary to determine what actions the FAA should take in identifying which direct lease buildings would be the most beneficial to convert to HPSB. Currently, RECO analyses are focused upon obvious, upfront rent cost and not on lifecycle costs vs. benefits. Based on feedback from FAA Logistics Management, if the current path is maintained, the FAA will not meet the Executive Order's objective of 15% its buildings compliant by 2015.
VI. NEEDS STATEMENT
The FAA needs a process that analyzes lifecycle costs of buildings with consideration of individual benefits that green buildings will provide. This process will be applied to the direct lease buildings inventory in order to identify 15 buildings for conversion to HPSB. These buildings will help the FAA reach their overall goal of 15% as identified in the E.O.13514. There are many stakeholders involved in this problem and each has its own objectives, which creates tension. To satisfy the tension that exists between the oversight group of stakeholders and those tasked with implementation of new policies, this system should be able to allow a "win-win" solution for the FAA to meet the target set by E.O. 13514 and the financial goal of net-zero lifecycle cost. The system should also be able to allow for the minimization of impact to the employees that may be affected by any resultant action.
VII. MISSION REQUIREMENTS
1. The system shall analyze the costs and benefits for each alternative for each building taking into account the entire length of the lease, energy savings, and utility gained.
2. The system shall rank most cost effective buildings and their alternatives.
3. The system shall predict time to breakeven with 95% confidence.
4. The system shall calculate total lifecycle savings with 95% confidence.
VIII. DESIGN ALTERNATIVES
Three alternatives were considered for each building that the system analyzed: Status Quo, Renovation, and Relocation.
A. Status Quo
In the status quo, no changes are made and the lease is renewed as usual. The benefits of this option are that the cost remains the same and there is no impact to employees. However, this option has no effect on the efficiency of the building and it does not contribute to the accomplishment of the goals set by E.O. 13514.
B. Renovation
When renovating the building, the RECO negotiates that the lessor will add provisions to the current building that will allow for LEED Silver certification. Lessors will most likely try to offset the costs of those conversions by raising the rent a significant amount. This option contributes to the accomplishment of E.O. 13514's goal, but has higher upfront costs. Since there are savings in energy throughout the lifecycle of the building, those costs maybe offset over the length of the lease. There is an added benefit of job satisfaction for employees in working in a renovated, green building.
C. Relocation
Relocation is moving to a building that already holds a LEED Silver certification. This option has the potential to be the most energy efficient and thus, the least energy cost. However, this option entails a relocation cost that can be quite expensive and therefore contributes significantly to initial costs. Additionally, there are many impacts to employees that must be considered. Some of those impacts include accessibility to public transportation and change in commute. A major benefit for those employees is increased productivity and job satisfaction from working in a new building.
IX. SYSTEM MODEL
Inputs for lease data come from the FAA's Real Estate Management System (REMS). Lease term, number of employees, location, building size, and capital costs come from this database. Energy unit prices and projection data come from the Energy Information Administration (EIA) and utility consumption data from the Commercial Building Energy Consumption (CBEC) survey. The data from the EIA and the CBEC was used to calculate general energy consumption figures to use in the calculations since actual data for the buildings was unavailable. General Services Administration (GSA) case studies were reviewed in order to generate rent increases and renovation costs that are associated with green buildings. Water consumption was projected by the Federal Water Index that was provided by the Department of Energy. Initial relocation costs were calculated by contacting independent moving companies. Oracle's Crystal Ball simulation software was used to perform Monte Carlo simulations of the outcomes for variations of the input parameters and final outputs. The simulations gave the mean life cycle costs and variances for each design alternative, the time to break even, and the rank of each building from most to least cost effective.
Life Cycle Cost
X. METHOD OF ANALYSIS
The financial benefits of building leasing are determined based on a three-phase process illustrated in Figure 5 . 
A. Data Analysis (Phase One)
This stage gathered all relevant data that will be used in the project. The FAA's REMS database was used to gather current building information. The EIA information was used to calculate energy prices and projections for electricity and Natural Gas. The CBEC survey was used to identify building class and building energy consumption because no consumptions data is currently recorded by the FAA.
B. OMB Analysis (Phase Two)
OMB Cir A-94 titled "Guidelines and Discount Rates for Benefit-Cost Analysis of Federal Programs".
The purpose of this government wide standard is: "to promote efficient resource allocation through well-informed decision-making by the Federal Government. It provides general guidance for conducting benefit-cost and costeffectiveness analyses. It also provides specific guidance on the discount rates to be used in evaluating Federal programs whose benefits and costs are distributed over time. The general guidance will serve as a checklist of whether an agency has considered and properly dealt with all the elements for sound benefit-cost and cost-effectiveness analyses". [1] This OMB standard has two parts the system equation shown in equation (1) and the federally accepted calculation, Building Life Cycle Cost (BLCC). Phase two of the simulation was developed to adhere to this standard. The BLCC, however, cannot calculate different alternatives or deal with stochastic variables. Furthermore, it requires the user to enter each alternative and build energy unit price, rent, consumption, and initial investment.
The total system equation is a summation of four components: Electricity, Natural Gas, Water, and Rent. Based on the research and the calculation made with the Phase 2 simulation, each building's Life Cycle Cost was calculated for each design alternative. Every building was assumed to have partial service leases in order to show savings that will incur due to energy costs and consumptions. This calculation included: capital investment, energy, water, inflation, and other costs with respect to climate and region. Based on stakeholder information, this method was compared to the current method followed by the FAA, which is to simply look at cost per square foot.
D. Stochastic Simulation (Phase Three)
Oracle's Crystal Ball was used to perform a Monte Carlo simulation. This was needed because price projections are never perfect and need to be varied to show a more realistic life cycle cost estimate. Each selected building was calculated 50,000 times. The probability of breakeven was calculated, along with a 95% confidence interval of each lease.
E. Value Hierarchy
In addition to monetary considerations, the utility of different attributes must be added to the function to give value to non-monetary considerations. Some of those attributes that are being weighed at this time are illustrated in Figure 6 . A survey of ten questions was sent to 20 stakeholders that gauged the importance of each attribute. A scale of one to ten was used to establish the weights that would be used. The responses to those questions were averaged and then normalized using the swing weight method to establish the weights that would be used in the utility function. The results from the survey revealed that E.O. compliance, efficiency, and employee satisfaction were weighted evenly. The parameters within efficiency were also closely ranked with natural gas savings coming in last at 29%. Building rankings by utility showed that larger buildings yielded higher utility. Ranking buildings using this utility analysis showed that larger buildings would be the best candidates due to bigger reduction in energy consumption. However, due to the FAA's limited resources, the team was asked to rank buildings by E.O. compliance and cost effectiveness.
XI. RESULTS 
XII. RECOMMENDATIONS
A. Target Smaller Buildings
All but one of the buildings in TABLE II are less than 120,000 square feet. This is a result of the lower cost of renovation of smaller buildings.
As shown in Fig. 7 , a Life Cycle Cost Lease Analysis (LCCLA) is preferable to the current analysis approach that the FAA uses. Their present analysis accounts only for rent costs per square feet and not any savings from energy efficiency that the lessor may incur. Fig. 7 . Current FAA analysis vs LCC analysis for 2 Leases.
The buildings represented here are approximately the same sizes and lease terms. The lease on the right, with a lease contract number ending with 15465, has nearly twice as many occupants. This demonstrates that the location of a building has the greatest impact on the savings, not the number of occupants.
B. Capital Expenses Driving Force
Rent is the largest contributor to costs. As rent does not change throughout the term of the lease, it has little potential to contribute to savings. In a green building, the savings are not in rent. The savings are only in energy and water efficiency. The greatest savings potential lies in areas where energy costs are highest. Therefore, the most cost effective buildings to target are ones in areas with low capital rent costs and high-energy prices.
C. Partial Service Leases
The analysis also reveals that full service leases do not allow the FAA to reap the benefits of the green technology. Since the responsibility of paying utilities falls to the lessor, the lessor is in a position to charge a premium rent to cover the stochastic energy costs. If those costs are actually less than what was negotiated, the lessor can pocket the difference. Partial service leases give finer control over money for utility bills.
D. Behavior Adjustments Through Feedback
This method of leasing also has the capability of giving immediate feedback as to the performance of the efficiency of the building. If a full service lease cannot be avoided, the RECO should negotiate for a lower rent because the lessor will be receiving the benefits of the building's efficiency.
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